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The two-gluon coupling with the proton has the following struc-

tures

‘/P(;g(p’ t’ Zp, ‘lJ—) B(ta rp, l_l.)(,yapﬁ + Y pa)
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The structure proportional to B(t, ...) determines the spin-non-flip

contribution. The term o< K(t, ...) leads to the transverse spin-flip

at the vertex.

The meson—proton helicity—nbn—:ﬂip and helicity-flip amplitudes

can be written in terms of the functions B and K at small z ~

1.2 Proton Two Gluon Coupling and Hadron Tensor

The hadronic tensor is given by

) Waal’ﬁ'ﬁ?(-Sp) == Z ﬂ,(pl, Sf)‘/p(;Cg\!I(p’ t, a:P) l)u(p) Sp)

spin sf
Wp, sp)Vee (0.t xp, (e, s5)  (4)

and is determined by a trace similar to the lepton case. The spin-
average and spin—dependent hadron tensors

oo B8 1 aw'; 3B ac’: 86
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sp- arbitrary spin vector (transversely or longitudinally polarized
target). In the last case, the contribution of D structure should be
considered. For the leading term of spin- average structure W (+)
for the ansatz
/. ! ! ! ‘t‘ 2
WweeBP (1) = 16p°p” p’p” (| BI* + K. (6)
The obtained equation for the spin-average tensor coincides in form
with the cross section of the proton off the spinless particle (meson
or unpolarized proton e.g.). :
The spin-dependent part of the hadron tensor can be written as

Waa';ﬁﬁ'(_> _ nga’;ﬂﬁ’ + Sga’;ﬁﬁ' + A?a’;ﬂﬂ’_ (7)

~ The functions S are symmetric in o, o/ and 3, 8’ indices
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| and
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Here
roe’ = Paﬁa,y&ppv(TP)é(Sp)p + Palemdpp'y(""l’)é(sp)p (10)

The function A; is asymmetric in indices

1.aal ] B*K 1l o
A8 = i) [pp e ps(sy), + PP e P%ps(sp)p
!/ ! Oé’ /
+ p* PP ps(sp)p + P p’ EaﬁépPrS(Sp)p] (11)

Note that these forms are general and can be used for different
polarization vectors of the proton. For longitudinal proton polar-
ization, the structure D should be considered in addition.
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m?/s integrated over momentum [

Fo(st) = s BOIFE); Fos(s,t) = isLORW W, ()

m

where f(t) is determined by the Pomeron coupling with meson.
__The models
—S—V Goloskokov, P. Kroll, Phys. Rev. D 60, 014019 (1999)

S.V. Goloskokov, S.P. Kuleshov, O.V. Selyugin, Z. Phys. C50,

455 (1991)

predict single spin transverse asymmetry

2 Im[B K*] :
Ap~ 222 4
ST W

of about 10% for |t| ~ 3GeV?. It has been found in that the
ratio |K|/|B| ~ 0.1 and has a weak energy dependence (weak =
dependence)

The weak energy dependence of spin asymmetries in exclusive
reactions is not in contradiction with the experiment. Predictions
for PP2PP experiments at RHIC:



Z&G"%Z - ﬂef's {acoec,e | e 7[7@3/?/5 (,;r éq,{wq ?)(q,‘
) Glusus  frow the Poweroe  cae
 Cuftreed wi'th  {4e I clocwt of Ehe Protoe

cos well ax wlh bl PpProfve Core: el

' E\p):‘ ’jﬁ, - P
g - + N > XM.B-(-{ PFK;

I s o= =
XH : SP('L{ \'F'.&‘p
effeets Ly
WPo waro

Co e D,&\hé .

da ~ |8 t¢) }21- 1L, (K [2

Sewilor  resdvo | ("“ﬁv‘mf

B ot dd -peodel



e s .

_. ® '
R *100Gev 04 L <) R * 200Gev
.“---- 0-2 o ik T
a— F—T_-f—
2 10 Gev? N ' o
0.2} '
04(
R, *150Gev
’ dj
..... 02]
i

Fig.1. The polarizatjon

(dashed currves) scattering a) 100 GeV, b) 150 GeV,

2

of the proton

It] Gev?

‘proton (éol.ﬁd curves

—be

It] Gev?
) and the Proton-antiproton
c) 200 GeV, d) 500 GeV,

Tt s . e



| i Shable

0. . ——— © 16 - .
ﬁ il Tisf ——-V(s)=500eV
. ~r - ==& V(s)=120GeV
\b\m - _
~~
-
13}
—— V(s)=50GeV ° .
. mm= Ys)=120GeV ’
1.1
“os o s 20 25 3 o ‘0,5'

t (cevz)

o T (@1 r<*) ~ Re'”’““(
P,A Mmoot JMB((-\ s ﬁdg?a“&ou.

HAA (44 Kaet g
b A ’___—-——ﬁ!““-‘ ..... R E T
= 00 ke i o -_’:_?1__5 . — —8 -V(s)=250GeV
< \ :.-‘ / : \b'/«. 4- ' e v-lw/(s)_-SDO'GeV
—oat AN Sy N -
-02} "\ S13r a
\ — — V(s)=250 GeV & 1 L E-\.' :
-0.3F N seeeee V(s)=500GeV R '.2' " /
04} 14 \ T st =
PRt Ui, (TSNS
| /’ Y \ «.{h -----
-05 : P e 1 T T =t
0.5 1.0 1.5 2.0 25 3 0.5 © 1.0 1.5 - 20 25 3.0
t(Gev?) : © t(GeW2)

Mode?  preduchioc Q)( RH;C
ng,,bs (fo=  PPE PP P—x,n&rr'wu//
0 K e, SiGotonkobon, O Selrugee, 59-53

P egcqfieringe |
\.:' C} mueww'« ’f‘_-?CGC ;kg;;—:;@%

R L



| PP reactvoy

-
6 = 6(1)+a(y
4¢= GHI=g[y

Ne——

Al ~1o-1S Y at 1tInggey?

From elastic pp sm-éfem‘ag

= <he Same Vabue. 74_l q’(':vlaz




G (mb/GeVY)

60’%

.0b

Asy mwedtzy

JOUR

olr

P
Lo
L

Ly
5

A \“h ..ﬁ__.ﬁ'u. - e ;,f"-’) e % “f \;l’" &

‘;go




T contas
~ Locho Lo
| Joloskoks
| v 36

~200Q

}4:{t E?f?[jf;

exp'e(‘fmeu‘is

2"5 HERA
OMPAss (CER

Evhee 2




As a result, the spin-average and spin-dependent cross section
can be written in the form.

do () ((2“2'y+y2))

dQPdydz,dtdkd  \ &Y

C(zp, @) N(F)

| L (35)
- \/1 — 4(k3 +m2)/Mx

Here C(zp, @?) is a normalization function which is common for
the spin average and spin dependent cross section; N (£) is deter-
mined by a sum of graphs integrated over the gluon momenta [

and I’
N(:l:) _ / dzl_l_dzll,l_(li 't l—'J_F_L_) ((ll)2 + Z?L’F.L) Digta QZ, l_La iL? K;) .
(1% 4+ N (I + 72+ X2 + A)((L +7L)? + %)
e The D* function here are traces over the quark loops of the
graphs convoluted with the spin average and spin-dependent
tensors. |

) o Considerable cancellation between the planar and nonplanar
contribution of the graphs.

o In the numerator the terms proportional to the gluon momenta,
I, and I, asin the case of vector meson production. @f:.@& r_;}

We write the analytic forms of the graph contribution to the
cross sections in the limit 8 — 0. The numerical calculation will
be fulfiled for arbitrary 5. The contribution of the sum of the
graphs to the D* function for Region I can be written in the form

Q* (|BJ? + [tl/m? K ) (ke +171)? + m)
B2+ m2) (ke — 102 +m2) (kL — 11)2 +m2)
This function contains a product of the off-mass-spell quark propa-
gators in the graphs. We see that the quark virtuality here is quite

different as compared to the vector meson case. We have no the
terms proportional to Q2.

Df = ( (36)



This will change the scale in gluon structure functions. Really,
| and I’ smaller than k2 and the contribution of DP(+) to N(+)
is about

(1B2 + [¢l/m2 &) (ks +7)? +m2)

NP(+) ~ (37)
+) (k_QL + mfl)3
with
- /l_2L<k(2) drzlJ_(lj; + 17 B, 2, zp,..) = FO_(5p,t, k)
O (B AL+ TR+ ) ’ (38)
and
K. - /l§_<k8 dzl_l_(li_ =+ l_J_'F.L) ;‘ K(t, l?]_; Tp, ) = K9 (IIZ‘P,t, ng
O @A)+ TP+ AY) W()
39

with k3 ~ k3 + m2. For nonzero § this scale is changed to
k2 ~ M
0 1-8
e The gluon structure functions are determined by the same in-
tegrals as in (23) but on a different scale.

For Region II, only the first planar graph of contributes. The
graphs here have lines with large quark virtuality. Propagators of
these lines become pointlike. 'As a result, the contribution to the
cross section for Region II has different ? and k? dependence with
respect to Region I.

D _ 21 9) (B4 K]
1 (2—2y+y2)((ki+m)2+m§)'

(40)

The ratio of the cross sections for Regions I and II. The ratio is
growing with k?. We find that the integration region I is essential



of the function N(—)

N(=) = ')i"z (BE*+ B*K) [(QmJ*)HS) (t, k1, Q%)
L R A

The second term cannot be found in the vector meson produc-
tion, because we should integrate there over d’k, .

5 Predictions for QQ Leptoproduction

We consider only the asymmetry A;r = o(—)/o(+).

The same parameterizations of SPD.

The asymmetry is approximately proportional to the ratio of po-
larized and spin-average gluon distribution functions

_ K4 N
A2 ~ C’QQ-——,%QQ with ( =zp and |K|/|B| ~0.1 (43)
FZ(6)
The spin-dependent contribution has two terms proportional to
the scalar products k.S, and @S.

The k _L§ L term for the case when the transverse jet momentum
k, is parallel to the target polarization S} .

o It is necessary to distinguish experimentally the quark and
antiquark jets.

o The transverse momentum of a quark and an antiquark are
opposite in sign. If we do not separate events with &k for the
quark jet e.g., the asymmetry will be zero.

o Can be realized by the charge of the leading particles in the jet
which should be connected in charge with the quark produced
in photon-gluon fusion.
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Figure 2: The A%, asymmetry in diffractive light Q@ production at V8 = 20GeV for zp =
0.1, y = 0.5, [t| = 0.3GeV?: dotted line-for Q? = 0.5GeV?; solid line-for Q? = 0.5GeV?;
dot-dashed line-for Q? = 5GeV*; dashed line-for Q? = 10GeV?2.
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Figure 3: The Af; asymmetry in diffractive heavy QQ production at Vs = 20GeV for
zp = 0.1, y = 0.5, [¢] = 0.3GeV*: dotted line-for @* = 0.5GeV?; solid line-for Q? =

)

0.5GeV?; dot-dashed line-for @Q?* = 5GeV?; dashed line-for Q2 = 10GeV?2.
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